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[5 7] ABSTRACT 

A process for the ?ame-proo?ng of cellulose 
containing ?brous materials by applying to the sub 

aqueous preparations containing a self 
condensation product of an N-methylolamide of a dial 

I kyl, dihalogenalkyl or dialkenyl phosphonopropionic 
acid advantageously together with a curable aminoplast 
precondensate. 

9 Claims, No Drawings 
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PROCESS FOR FLAMEPROOFING 
CELLULOSE-CONTAINING FIBRE MATERIAL ' 

The subject of the invention is a process for ?ame 
proofing cellulose-containing fibre material, character’ 
ised in that this material is treated with an aqueous 
preparation which contains at least one reaction prod 
uct which is obtained if an anhydrous N-methylolamide 
of the formula 

(1) R1——O O 

P 
/ 

wherein R, and R2 each denote an alkyl, halogenoalkyl 
or alkenyl radical with one to four carbon atoms, is 
condensed with itself in an anhydrous medium, option 
ally using an acid catalyst, in the presence of an inert 
organic solvent, at 70° to 180° C, the condensation 
being continued until about 0.7 to 1 mol of water has 
separated per 1 mol of N-methylol-amide employed, 
and optionally contains a curable aminoplast precon 
densate, and the material is thereafter dried and sub 
jected to a treatment at elevated temperature. 

In the formula ( l ), the radicals R, and R2 can thus be 
identical, or different from one another. As a rule, R, 
and R2 denote two identical radicals of the indicated 
composition. Chloroalkyl groups, such as 2 
chloroethyl, or 2,3-dichlorophenyl groups, but prefera 
bly n-propyl, isopropyl, ethyl, methyl or allyl groups, 
may be mentioned as examples. 

In the manufacture of the reaction products, N 
methylolamides of the formula 

O (2) 
% 

wherein R, has the indicated meaning, are accordingly 
used preferentially. 

Particularly suitable reaction products are those 
which are manufactured from N-methylolamides of the 
formula 

Ra-O 0 
\ % 
P 

wherein R, denotes an ethyl or methyl radical, or above 
all of the formula 

In the manufacture of the reaction products, an ap 
propriate procedure is to manufacture the N 
methylolamide of the formula (I) from the start in an 
anhydrous medium, that is to say to carry out the meth 
ylolation with the aid of paraformaldehyde. Preferably, 
a catalyst such as NaOCHa or MgO is also used con 
jointly. The methylolation preferably takes place at 80° 
to 120°C, especially at 95° to 105°C, and lasts 15 to 60 
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2 
minutes, appropriately 25 to 30 minutes. If desired, 
methylolation can also be carried out in the presence 
of an inert solvent or suspending agent such as, for ex 
ample, toluene, but preferably the reaction is carried 
out without solvents. 

In the self-condensation of the N-methylolamides 
thus obtained, methods which are in themselves known 
are again used. An appropriate procedure is to con 
dense at least one N-methylolamide of the formula ( l ), 
which must be in an anhydrous form, with itself, in an 
anhydrous medium, optionally using an acid catalyst, in 
the presence of an organic solvent, by warming up to 
the boiling point of the solvent in question. The reac 
tion is continued until about 0.7 to 1, preferably about 
0.9 to l, or especially about 1, mol of water has sepa 
rated in the water separator per 1 mol of N 
methylolamide employed. Suitable organic solvents for 
the reaction are, for example, toluene, benzene or xy 
lene. The condensation temperature is preferably 80° 
to 140°C. After completion of the reaction, at most 25 
percent of the formaldehyde bonded as methylol 
groups in the starting product are still detectable in the 
reaction product, again as bonded formaldehyde. Prac 
tically the original amount of formaldehyde bonded as 
—CI-I2OI-I can be recovered by boiling in water or by 
splitting with phosphoric acid. 
The reaction products to be used according to the in 

vention are mixtures of self-condensation products of 
the compound of the formula (1) which as a rule con 
tain not more than I5 structural elements of a com 
pound of the formula ,( l ) per molecule, and the individ 
ual polycondensed products can have a linear, 
branched or unbranched structure, or a cyclic struc 
ture. Because of the great complexity of the reaction 
product mixtures it is however not possible to deter 
mine the composition of the reaction products, or self 
condensation products, to be used according to the in 
vention accurately by means of the customary methods 
of investigation. 
The pH value of the aqueous preparations containing 

the reaction products and which are to be used accord 
ing to the invention for ?ameproo?ng cellulose 
containing material, is advantageously less than ?ve, 
and in particular less than three. In order to achieve 
this, strong mineral acids, such as sulphuric acid, nitric 
acid, hydrochloric acid or preferably orthophosphoric 
acid, are added to the preparation. Instead of the acids 
themselves, especially hydrochloric acid, it is also pos 
sible to use compounds from which the corresponding 
acids are easily, for example even without warming, 
formed in water by hydrolysis. As examples, phospho 
rus trichloride, phosphorus pentachloride, phosphorus 
oxychloride, thionyl chloride, sulphuryl chloride, cy 
anic chloride, acetyl chloride and chloroacetyl chloride 
may here be mentioned. These compounds on hydroly 
sis yield exclusively acid decomposition products, for 
example cyanuric acid and hydrochloric acid. Instead 
of using one of the strong acids, it can be advantageous 
to use the acid mixtures that correspond to the hydroly 
sis products of one of the compounds of which mention 
has just been made, that is to say, for example, instead 
of hydrochloric acid alone, to use a mixture corre 
sponding to the phosphorus pentachloride of hydro 
chloric acid and ortho-phosphoric acid corresponding 
to the phosphorus pentachloride, appropriately in the 
molecular ratio 1:5. 
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The conjoint use of these acid catalysts may well be 
advantageous, but is not absolutely essential for achiev 
ing good flameproo?ng effects. 
The preparations for flameproo?ng can also contain 

a latent acid catalyst for accelerating the curing of the 
aminoplast precondensate which may be present and 
for cross-linking the reaction products. Latent acid cat 
alysts which can be used are the catalysts known for 
curing aminoplasts on cellulose-containing material, 
for example ammonium dihydrogen orthophosphate, 
magnesium chloride, zinc nitrate and above all ammo 
nium chloride. 
Apart from the reaction products and the additives 

required to adjust the pH value, and the curing cata 
lysts, the preparations to be used according to the in 
vention can contain yet further substances. An addition 
of aminoplast precondensates can be advantageous for 
achieving a good wash-resistant flameproof ?nish, but 
is not essential. 
By aminoplast precondensates there are understood 

addition products of formaldehyde to nitrogen com 
pounds which can be methylolated. 1,3,5 
aminotriazines, such as N-substituted melamines, for 
example N-butylmelamine, N 
trihalogenomethylmelamines, as well as ammeline, 
guanamines, for example benzoguanamines, 
acetoguanamine or diguanamines, may be mentioned. 
Further possibilities are: alkylureas or arylureas and al 
kylthioureas or arylthioureas, alkylene-ureas or al~ 
kylenediureas, for example ethyleneurea, propylene 
urea, acetylenediurea or especially 4,5-dihydrox 
yirnidazolidone-2 and derivatives thereof, for example 
4,5~dihydroxyimidazolidone-2 substituted by the radi 
cal —CH2CI-I2CO—NI-I~CH2OH at the hydroxyl group in 
the 4-position. The methylol compounds of a urea, of 
an ethyleneurea or of melamine are preferentially used. 
Products which are as highly methylolated as possible 
in general yield particularly valuable products. Suitable 
aminoplast precondensates are both predominantly 
monomolecular aminoplasts and also more highly pre 
condensed aminoplasts. 
The ethers of these aminoplast precondensates can 

also be used together with the reaction products. The 
ethers of alkanols such as methanol, ethanol, n 
propanol, isopropanol, n-butanol or pentanols are, for 
example, advantageous. It is however desirable that 
these aminoplast precondensates should be water 
soluble, such as, for example, pentamethylolmelamine~ 
dimethyl-ether. 

It can also be advantageous if the preparations con 
tain a copolymer, obtainable by polymerisation in 
aqueous emulsion, of (a) 0.25 to 10 percent of an alka 
line earth salt of an a?'ethylenically unsaturated 
monocarboxylic acid, (b) 0.25 to 30 percent of a N 
methylolamide or N-methylolamide-ether of an 
a,B-ethylenically unsaturated monocarboxylic or dicar 
boxylic acid, and (c) 99.5 to 60 percent of at least one 
other copolymerisable compound. These copolymers, 
and their manufacture, are also known. The tear 
strength and abrasion resistance of the treated ?bre 
material can be advantageously in?uenced by the con 
joint use of such a copolymer. 
A further additive to be mentioned which is advanta 

geous in some cases is a softening dressing, for example 
an aqueous polyethylene emulsion or ethylene copoly 
mer emulsion. 
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4 
The preparations can furthermore also contain 

solubilising agents, such as organic solvents which are 
miscible with water, for example ethanol or methanol. 
The content of reaction product in the aqueous prep 

arations is appropriately so chosen that 15 to 40 per 
cent is applied to the material to be treated. Here it is 
necessary to take into account that the commercially 
available textile materials of native or regenerated cel 
lulose can absorb between 50 and 120 percent of an 
aqueous preparation. As a rule, the aqueous prepara 
tions contain 200 to 700 g/l , preferably 300 to 500 g/l, 
of the reaction product. 
The amount of the additive which is required to ad 

just the hydrogen ion concentration to a value of less 
than ?ve depends on the selected value itself and on the 
nature of the additive, but must in all circumstances be 
not less than a certain minimum. A certain excess over 
this minimum amount is in general to be recom 
mended. Large excesses do not offer any advantages 
and can even prove harmful. 

If additionally a polymer of the type indicated is 
added to the preparation, then this is advantageously 
done in small amounts, for example 1 to 10 percent, 
relative to the amount of the reaction product. The 
same is true of a plasticiser which may be added, where 
the appropriate amounts can again be 1 to 10 percent. 
The preparations are now applied to the cellulose 

containing ?bre materials, especially textiles, for exam 
ple linen, cotton, rayon, staple viscose or ?bre mixtures 
of such materials with others, such as wool, polyamide 
or polyester fibres, and this application can be effected 
in a manner which is in itself known. Preferably, piece 
goods are used and are impregnated on a padder of the 
customary construction, which is fed with the prepara 
tion at room temperature. 
The ?bre material thus impregnated must now be 

dried, which is appropriately done at temperatures of 
up to 100°C. Thereafter it is subjected to a dry heat 
treatment at temperatures above 100°C, for example 
between 130° and 200°C, and preferably between 140° 
and 170°C. Generally speaking, the higher the temper 
ature, the shorter the duration of the treatment. This 
heat treatment lasts, for example, from 2 to 6 minutes 
at temperatures of 140° to 170°C. 
A rinse with an acid-binding agent, preferably with 

aqueous sodium carbonate solution, for example at be 
tween 40°C and the boil, and for 3 to 10 minutes, is ad 
visable in the case of a strongly acid reaction medium. 
As already indicated, the present process is capable 

of yielding flameproof ?nishes which are largely pre 
served even after repeated washing or dry cleaning, and 
which do not cause any unacceptable deterioration of 
the textile-mechanical properties of the treated mate 
rial. 

In the manufacturing instruction and example which 
follow, parts and percentages are parts by weight and 
percentages by weight. The relationship of parts by vol 
ume to parts by weight is as of ml to g. 

MANUFACTURING INSTRUCTION I 

181 parts (1 mol) of 3-(dimethylphosphono) 
propionic acid amide, 30.75 parts of 97.8 percent 
strength paraformaldehyde and one part of NaOCI-Ia 
(powder) are reacted in a stirred ?ask of 500 parts by 
volume capacity, equipped with a re?ux condenser and 
thermometer, for 30 minutes at 100°C internal temper 
ature. Thereafter, the mixture is cooled and the result 
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ing, colourless syrup is ?ltered through a felt fabric. 
The reaction product contains 25 parts of total CHZO 
(determined by digestion with HSPOQ, and 4.5 parts of 
free C1120 (determined by addition of KCN). 
211 parts (1 mol) of this anhydrous 3-(dimethyl 

phosphono)-propionic acid methylolamide are now 
mixed with 200 parts of toluene in an identical stirred 
?ask and condensed at the re?ux temperature of the: 1 
toluene. After 3 hours, the reaction is complete and 18 
parts (1 mol) of water have been obtained. The mixture 
is cooled to 60°C and diluted with 160 parts of metha 
nol, and the resulting solution is freed of traces of im 
purities by ?ltration. Thereafter the toluene-methanol 
mixture is removed in vacuo at 60°C. A colourless, 
thick syrupy product is obtained, which still contains 
2.4 parts of total formaldehyde. A sample of 2.5 parts 
of the reaction product is dissolved in 40 parts of water 
and heated to 100°C for 30 minutes. 22 parts of total 
formaldehyde (calculated relative to the total reaction 
product) are found. 

MANUFACTURING INSTRUCTION II 

264 parts of an 80 percent strength aqueous solution 
of 3-(dimethylphosphono)-propionic acid N 
methylolamide, 1 part of p-toluenesulphonic acidv 
monohydrate and 200 parts of benzene are brought to 
the boil, with rapid stirring, in a stirred ?ask of 500 
parts by volume capacity which is provided with "a 
water separator and thermometer. 61.5 parts of water 
are separated off azeotropically over the course of 
about 3% hours. The benzene is thereafter replaced by 
toluene and the self-condensation is completed at the 
boiling point of the toluene. A total of 69 parts of water 
are thus obtained, and after deduction of the water 
contained in the starting product this amounts to 18 
parts of water formed during the condensation. There 
after, the toluene is largely removed, the reaction prod 
uct is dissolved in 80 parts of methanol and the solution 
filtered, and the methanol and residual amount of tolu 
ene are then distilled off in vacuo at about 50°C. 

166 parts of an opalescent, syrupy product are ob~ 
tained, which still contains 3.8 parts of total formalde 
hyde. Of these, 2.3 parts are present as free formalde 
hyde. . ' 

MANUFACTURING INSTRUCTION III 
284 parts of an 80 percent strength aqueous solution 

of 3-(diethyl-phosphono)-propionic acid N 
methylolamide in 200 parts of toluene and 1 part of 
p-toluenesulphonic acid monohydrate are condensed, 
at the boiling point of the toluene, in a stirred ?ask of 
500 parts by volume capacity, equipped with a water 
separator and thermometer. Altogether, 68 parts of 
water are obtained, which after deduction of the water 
contained in the starting product amounts to 11 parts 
of water formed during the condensation. After work 
ing up in accordance with manufacturing instruction II, 
217 parts of reaction product are obtained. 

MANUFACTURING INSTRUCTION IV 

192.8 parts (0.83 mol) of diallylphosphonopropionic 
acid amide, 25.6 parts of 98 percent strength paraform 
aldehyde (0.83 mol) and 0.8 part of 'pulverulent so 
dium methoxide are treated for, 30 minutes at 100°C 
internal temperature in a stirred ?ask of 500 parts by 
volume capacity, which is equipped with a water sepa 
rator and thermometer. A melt of diallylphosphono 
,propionic acid N-methylolamide is obtained. Thereaf 
ter 200 parts of toluene and 0.8 part of p-toluenesul 
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6 
phonic acid are added and the self-condensation is car 
ried out at the boiling point of the .toluene. 1 1 parts of 
water are obtained. The highly viscous reaction prod 
uct is ?nally diluted to about 65 percent solids content 
with water, for greater ease of manipulation. 

EXAMPLE 1 

A cotton fabric or a viscose rayon fabric is padded 
with one of the aqueous liquors A to D of Table 1 be 
low. The liquor uptake is 80 and 86 percent respec 
tively. The fabric is dried at 70° to 80°C and the prod 
uct thereafter cured for 4% minutes at 160°C. A part 
of the fabric is now further washed for 5 minutes in a 
solution containing 2 g of anhydrous sodium carbonate 
per litre of water, at the boil (cotton) or at 60°C (vis 
cose rayon), and is rinsed and dried. A further part of 
this fabric is now boiled ten times for 30 minutes, or 
washed ten times for 30 minutes at 60°C, in a solution 
which contains 2 g of anhydrous sodium carbonate and 
5 g of soap per litre of water (= 10 SNV-4 or SNV-3 
washes). 
The individual pieces of fabric are then tested for 

their ?ame resistance (vertical test according to DIN 
53,906). The results of this test are also summarised in 
Table I below. 

TABLE I 

Treated with 
preparation 

Constituents I Untreated A B 0 

Product according to manulac- ............ __ 500 500 450 
turing instruction I, g./l. 

Pentamethylolmelamine- 8O 
dimethyl-ether (60%), g./1. 

H3PO4 (85%), g/l ........................ -_' ......... - 
pH value of the preparation .................. __ 2. 7 
Flame resistance: 

Cotton fabric: 
After re-washing: 

Burning time (sec.)_._ Burns _____ __ 0 
Tear length (0111.) _________________ .. 10.5 

Plus after 10 SNVA 
washes: 
Burning time (sec.)___ Burns _____ _. 
Tear length (cm.) _________________ _. 

Viscose rayon fabric: I ' 
Alter re-washing: 

Burning time (sec.)___ Burns ___________ _ 
Tear length (cm.) _______________________ -. 

Plus after 10 SNV-3 
washes: 
Burning time (see)... Burns _____ _. 
Tear length (cm.) ................. . 

0 
9.5 

12 

0 0 0 
12 10. 5 8. 5 

EXAMPLE 2 

_A cotton fabric or a viscose ‘rayon fabric is padded 
with one of the aqueous liquors E to K of Table ll be 
low. The liquor uptake is 80 percent. The fabric is dried 
at 70° to 80°C and the product thereafter cured for 5 
minutes at 145°C. - 

A part of the fabric is now re-washed for 5 minutes 
in a liquor which contains 4 g‘of anhydrous sodium car 
bonate per litre, at the boil (cotton) or at 60°C (viscose 
rayon), rinsed and dried. A further part of the fabric, 
for determining the degree of ?xing, is not re-washed. 
A further part of the cotton fabric is washed 5, l0 

and 20 times for 45 minutes at the boil in a household 
washing machine. The wash liquor contains 5 g of a full 
strength detergent per litre (SNV 198,861). 
The individual pieces of fabric are then tested for 

their ?ame resistance (vertical test according to DIN 
‘53,906, ignition time 6 seconds). 
The results of this test and the determinations of the 

degree of ?xing are summarised in Table 11 below. 
S.C. denotes solids content 
P.C. denotes phosphorus content. 
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TABLE II 

Treated with preparation 

Constituents S.C. 1*.(1. Untreated E F G H J K 

Product according to manufacturinginstruction, g.,/l.: N 
11 )0 

V .. 

Pentamcthylolmclnniine-(limethylcihcr (0 
IlgPOJSé‘?Lg/l ___________ __ .. . . l’, g./l _ _ . . _ _ _ . . . . _ _ _ . . _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ r . . r _ , . . . . _ _ _ _ _ . . . . . . . . . . . . . . _ . . . . . . . . . . _ . _ . . _ . . . . . . 

Flame resistance: 
Cotton fabric: 

Alter rcavushing: 
Burning time (seconds) ______________________________ . _ . ........................... ._ Burns _____ _. 0 n 0 0 0 

Tour length (cm) _ _ . _ . . . _ . . . . _ . _ _ _ _ . _ . . _ _ . _ _ . . . . . . _ . . . . . _ . . . . . _ . . _ _ . . . _ . . . _ . _ . _ . . _ _ . . _ . . . _ . _ . _ ._ 11. 5 11.5 ' 

After 5 washes (SNV 193,861): 
Burning time (seconds) 11 U 0 U () 
Tear length (cm.)& ............................ __ 11 10 12.5 11 11 ‘1 

After 10 Washes: 
Burning time (seconds) ______________________________________________________________ _. Burns....._. 0 (l 0 o u (1 
Tour length (0111.) ............................................................................... ._ 13 12.5 12 12 u 13 

After 20 washes: 
Burning time (seconds) ______________________________________________________________ __ Burns _____ .. 0 (I . O n () 

Tear length (cn1.) ___________________________________________ N . _ . . . _ . _ . _ . _ _ _ . _ _ . _ _ . . _ _ _ . . . _ _ _. 10 0.5 ____ __ 11.5 10 12 

Viscose rayon fabric: 
After rc-wnshing _________________________________________________________________________ __ B\1rns_____.. 0 (J _ . . . _ . . . . . . . . . _ . _ , _ _ _ _ __ 

Burning time (seconds) Burns _ l) u _ 
Tear length (cm.) _ _ _ . _ _ _ _ _ _ _ . . _ _ . . _ . . _ _ _ _ _ _ _ _ _ . . . _ . _ . . . . _ _ _ _ _ _ _ . . . . . _ _ . . , _ . . . . . _ . . _ . . . . _. 11.5 10.5 

Determination of degree of ?xing, deposit in percent (rclaiire t0 ?bre weight): 
Cotton fabric: 

(a) not reqvashed ________________________________________________________________________________________ ,_ 22.8 20.1 34.1 348.2 27 24.1 
(b) re-washed ____________________________ .... .. 11 12 10 13.5 12.4 13.1 
Degree of ?xingr (percent) (relative to deposit) ................... ______________________________________ ,_ 48 G1) 29 45 46 54 

Viscose rayon: 
(a) not re-washed. _ ‘22.4 20.2 33 5 27.5 26.1 23.1 
(b) re-washed ____________________________ __ _ 10,3 12 3 5 8.5 9.2 11.6 
Degree of fixing (percent) (relative to depos ___________________________________________________________ __ 4G 59 10 5 31 35 50 

We claim 6. Process according to claim 1, wherein the reaction 
1. Process for ?ameproo?ng cclluloscmontaining product is a self-condensation product of a N 

?bre material, which comprises treating this material 30 methylolamide' of the formula 
with an aqueous preparation containing at least one re 
action product which is obtained by sclf-condensation (1) Ri-o o 
in an anhydrous medium of an anhydrous N- \E/ 
meth l l i / \ y 0 am do of the formula Bro CHFCHrC O_NH__CHZ_OH 

35 
Ri—-0\ /0 wherein R1 and R2 are the same. 

P/ 7. Process according to claim 1, wherein the reaction 
R2_O/ \OHPCHPC O__NH__CH2_OH product is a self-condensation product of a N 

methylolamidc of the formula 
. 40 

wherein R1 and R2 each denote an alkyl, halogenoalkyl R,_() O 
or alkenyl radical with one to four carbon atoms, in the \P% 
presence of an inert organic solvent, at 70° to 180°C, / \ 
the condensation being continued until about 0.7 to 1 Bro CHFCHPC O_NH_CH’_OH 
mol of water has separated per 1 mol of N~ 45 
methylolamidc employed, drying the treated material 
and subjecting the dried material to an elevated tem 
pcraturc. 

2. Process according to claim 1, wherein the reaction 
product is a self-condensation product obtained in the 50 
presence of an acid catalyst. 

wherein R1 and R2 are the same and are ethyl or 
methyl radicals. 

8. Process according to claim 1, wherein the reaction 
product is a self-condensation product of the N 
mcthylolamidc of the formula 

3. Process according to claim 1, wherein the aqueous Rg-O 0 
preparation contains additionally a curable aminoplast \P% 

/ \ precondensate‘ R3—'o om-cHr-c O-NH-CHg-OH 
4. Process according to claim 1, wherein the elevated 55 

temperature is between 130° and 200°C. 
5. Process according to claim 1, wherein the reaction 

product is a scltlcondcnsation product obtained by sep 
arating 0.9 to 1 mol of water per 1 mol of N 
methylolamide. 60 * * * * * 

9. Process according to claim 1, wherein the reaction 
product is obtained by carrying out the condensation 
reaction at temperatures from 80° to 140°C. 

65 
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